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研究成果の概要（英文）：The purpose of this research is to expand the bandgap of BaSi2 by doping 
with carbon (C). We used propane as a C source, and formed C-doped BaSi2 films. Regardless of imput 
RF power, the C concentration in the grown films was on the order of 10~21 cm-3 and the a-axis 
lattice constant remained the same. We ascribed this result to the presence of vacancies in the 
BaSi2 lattice.We had set the Ba to Si deposition rate ratio (γ) at 3.0 from the fact that the full 
width at half maximum of x-ray diffraction peak intensity reached a minimunm at γ=3.0. We varied it
 from 1.0 to 5.1 and measured the photoresponse spectra and carrier cocentration of the films. It 
was found that the photoresponsivity was so sensitive to γ thereby the presence of vacancies. It 
reached a maximum at γ = 2.2. The carrier concentration decreased down to 10? cm-3. Therefore it 






















































の組み合わせは、1.1eV(結晶 Si)と 1.6eV の半
導体である。タンデム化によるエネルギー変
換効率の向上は GaAs 系で実証されており、
非集光型単接合の 26.4%から、2 接合の 31.1%、
3 接合の 37.9%と大幅に向上してきた。一方、
Si 系のエネルギー変換効率は、ヘテロ接合型
で 25.6%が最高であり、Si 系全体でも 0.6%の






































































] Vacuum degree: 3.2E-05
RF output: 100 W











図 1 C3H8プラズマの発光スペクトル 

































以上の結果を踏まえ、C ドープ BaSi2 膜を
Si(111)基板上に成長した。実験では、成長チ
ャンバー内の圧力が 3.2×10-5 Torr になるよ
うにプロパンを供給し、RF パワーを 40W か
ら 100W まで、10W づつ変えた試料(S1～S4)
を作製した。これらの試料の X 線回折パター
ンを図 4 に示す。X 線回折パターンに示す通




S6 までの全ての試料で約 0.892nm であり、
RF パワー依存性は得られなかった。また、
SIMS 測定により、全ての試料において、C






(2) Ba/Si 供給比を変えたアンドープ BaSi2膜
の形成と特性評価 
実験では、成長時のSiの堆積レートを0.9 
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図 3 3C-SiC の形成を示す θ-2θ X 線回折パター
ン 
図 4 C3H8プラズマの投入パワーを 50W(S1)
から 100W(S6)まで 10W づつ増やして形成
した C ドープ BaSi2 膜の X 線回折パターン 































































図 5 Ba/Si 供給比を変えた成長した試料の
分光感度スペクトル 































[1] M. Kumar, N. Umezawa, W. Zou, and M. 







〔雑誌論文〕（計 18 件） 
① K. Kodama, R. Takabe, T. Deng, K. Toko, and 
T. Suemasu, Spectroscopic evidence of 
photogenerated carrier separation by built-in 
electric field in Sb-doped n-BaSi2/B-doped 
p-BaSi2 homojunction diodes, Jpn. J. Appl. Phys. 




② S. Yachi, R. Takabe, T. Deng, K. Toko, and T. 
Suemasu, Effect of BaSi2 template growth 
duration on the generation of defects and 
performance of p-BaSi2/n-Si heterojunction solar 




③ K. Kodama, R. Takabe, S. Yachi, K. Toko, 
and T. Suemasu, Decrease in electrical contact 
resistance of Sb-doped n+-BaSi2 layers and 
spectral response of an Sb-doped 
n+-BaSi2/undoped BaSi2 structure for solar cells, 




④  R. Takabe, T. Deng, K. Kodama, Y. 
Yamashita, T. Sato, K. Toko, and T. Suemasu, 
Impact of Ba to Si deposition rate ratios during 
molecular beam epitaxy on carrier concentration 
and spectral response of BaSi2 epitaxial films, J. 




⑤ Y. Yamashita, S. Yachi, R. Takabe, T. Sato, M. 
Ehma Bayu, K. Toko, and T. Suemasu, Jpn. J. 




⑥ S. Yachi, R. Takabe, K. Toko, and T. Suemasu,  
Effect of p-BaSi2 layer thickness on the solar cell 
performance of p-BaSi2/n-Si heterojunction solar 
cell, Jpn. J. Appl. Phys. 56, 05DB03 (2017).  
(DOI: 10.7567/JJAP.56.05DB03) 
https://tsukuba.repo.nii.ac.jp/ 
⑦ W. Du, R. Takabe, S. Yachi, K. Toko, and T. 
Suemasu, Enhanced spectral response of 
semiconducting BaSi2 films by oxygen 




⑧ R. Takabe, S. Yachi, D. Tsukahara, K. Toko, 
and T. Suemasu, Growth of BaSi2 continuous 
films on Ge(111) by molecular beam epitaxy and 
fabrication of p-BaSi2/n-Ge heterojunction solar 




⑨ M. Emha Bayu, C. T. Trinh, R. Takabe, S. 
Yachi, K. Toko, N. Usami, and T. Suemasu, 
Minority-carrier lifetime and photoresponse 
properties of B-doped p-BaSi2, a potential light 
absorber for solar cells, Jpn. J. Appl. Phys. 56, 




⑩  T. Suemasu and N. Usami, Exploring the 
potential of semiconducting BaSi2 for thin-film 




⑪  M. Baba, M. Kohyama, and T. Suemasu, 
First-principles study of twin grain boundaries 
in epitaxial BaSi2 on Si(111), J. Appl. Phys. 120, 




⑫ S. Yachi, R. Takabe, H. Takeuchi, K. Toko, 
and T. Suemasu, Effect of amorphous Si capping 
layer on the hole transport properties of BaSi2 and 
improved conversion efficiency approaching 10% 





⑬ R. Takabe, S. Yachi, W. Du, D. Tsukahara, H. 
Takeuchi, K. Toko, and T. Suemasu, Influence of 
air exposure duration and a-Si capping layer 
thickness on the performance of p-BaSi2/n-Si 





⑭  K. O. Hara, C. T. Trinh, K. Arimoto, J. 
Yamanaka, K. Nakagawa, Y. Kurokawa, T. 
Suemasu, and N. Usami, Effects of deposition 
rate on the structure and electron density of 
evaporated BaSi2 films, J. Appl. Phys. 120, 





〔学会発表〕（計 69 件） 
① 末益崇, BaSi2 膜の組成比制御とホモ接合
太陽電池への取り組み，日本学術振興会第
175 委員会 (2017) 
 
②  T. Suemasu, Semiconducting BaSi2 – 
Si-based new absorber layer material for solar 
cells, International Conference on Solid State 
Materials and Devices (2017). 
 
③  K. Kodama, R. Takabe, K. Toko, and T. 
Suemasu, Effect of Sb-doped n+-BaSi2 surface 
layer on the carrier transport properties and 
spectral response, 27th International Photovoltaic 
Science and Engineering Conference (2017).  
 
④ Y. Yamashita, R. Takabe, K. Toko, and T. 
Suemasu, Dependence of solar cell 
characteristics on Si substrate pretreatment, 27th 
International Photovoltaic Science and 
Engineering Conference (2017).  
 
⑤  R. Takabe, T. Deng, K. Kodama, Y. 
Yamashita, K. Toko, and T. Suemasu, Impact of 
Ba/Si flux ratio during molecular beam epitaxy 
growth on the characteristics of BaSi2 epitaxial 
films on Si(111), 27th International Photovoltaic 
Science and Engineering Conference (2017).  
 
⑥ Z. Xu, T. Deng, R. Takabe, M. Emha Bayu, K. 
Toko, and T. Suemasu, Nitrogen-doped BaSi2 
thin films on n-Si(111) by molecular beam 
epitaxy and radio-frequency plasma generator, 
27th International Photovoltaic Science and 
Engineering Conference (2017). 
 
⑦ T. Deng, K. Gotoh, R. Takabe, Z. Xu, S. 
Yachi, Y. Yamashita, K. Toko, and T. Suemasu, 
Investigation on boron-doped p-BaSi2/n-Si 
hetero-junction solar cells on a textured Si(001) 
substrate, 27th International Photovoltaic Science 
and Engineering Conference (2017). 
 




○出願状況（計 0 件） 
 
○取得状況（計 1 件） 
名称：金属ケイ化物形成方法 
発明者：関口隆史, 山根久典, 末益崇 
権利者：関口隆史, 山根久典, 末益崇 
種類：特許 
番号：特許第 5979667 号 










  末益 崇（SUEMASU, Takashi） 
  筑波大学・数理物質系・教授 
   研究者番号：40282339 
 
 
